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iii Chapter I. II. III. The teeth have roots of different lengths and morphologic configurations; the surface of each root differs.
When the same force is applied to the crowns of teeth in two identical Situations, the tooth with the highest root surface area will exert less pressure against the wall of its alveolus through the periodontal ligament.
This experiment is directed toward the determination of the effective root surface area of each tooth as well as its total root surface area.
Effective root surface area is defined.as the projected root surface area of the root of the tooth on the pressure side, (Jarabak and Fizzell, 1963) .
Projected (effective) root surface area is a two dimensional en-, tity. The term total root surface area is three dimensional because of the convexities of root surface area in the horizontal as well as the vertical planes. It is possible that a ratio can be established between the two after standard values are determined for both.
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CHAPTER II
REVI&I OF THE LITERATURE
Hanan, in 1919, defined projected root surface area as that area in which the resisting pressure is uniformly distributed in the direction of the movement.
In 1951, Renfroe suggested that in tooth movement only a portion of the root surface area is involved at anyone time in resisting the movement of the tooth in the direction of the force. He referred to the effective root surface area when he wrote tiThe tooth with a purely round root when moved bodily, presents 5<>% of its periodontal ligament fibers to resist the movement and relaxes about the same number. The tooth with a triangular cross section presents a flat su~face against the direction it was intended to resist and provides at least two thirds of its periodontal ligament fibers to increase the resistance; the oblong rooted tooth presents flat surfaces to the direction of resistance and almost knife edges in . the direction where the resistance is not needed."
Storey and Smith mentioned in 1952
rtUndoubtedly it is not the force that is exerted on the tooth that is Significant, but rather the pressure (i.e., force/Unit area) which is exerted at the interphase of the teeth, periodontal ligament and bone.
It is the pressure and its distribution over the surface of the root that will be difficult to estimate for various appliances and this could limit their proper design."
They were the first to perceive the important concept of tooth movement being a function of pressure in the physical sense rather than simply a function of force, as well as the relationship present between pressure and root surface area of teeth.
Boyd measured the total root surface area of eighty extracted teeth by using the membrane technique. The procedure was not discussed.
In 1960, T,ylman gave values for the periodontal area in the entire denti tion and compared this to masticatory pressure. The values obtained and the number of teeth measured were not stated. Jarabak and Fizzell (1963) employed a mathematical model as an adjunct in their description of the biophysics of the orthodontic forces.
A parabola was used to represent the contour of the root in their description of translation of the tooth.
It was possible to solve for the centroid on the area. with this knowledge. The concept of effective root surface area was developed by means of this mathematical model.
Mac~an in 1954 calculated the total root surface area of the mandibular teeth. These values are inaccurate because the root surface areas were roughly estimated rather than accurately measured.
Jepsen, (1963) measured total root surface area of 238 extracted 4 teeth coating the roots with a solution of polyvinyl chloride, dibutyl phthalate, and ech rot (dye). The coating of the root was peeled away, flattened, and the area found by the use of a compensating planimeter.
He measured projected root surface, but gave neither the values nor the method employed.
In 1965, Freeman measured the total root surface area, root length and cross sectional area (projected root surface area) of 330 extracted teeth. The total root surface area was measured by coating the roots of the teeth with an air curing latex and using a compensating polar planimeter.
The only values given for projected root surface area were for the first molar and second premolar. All the values obtained in this work, except for the root length of the teeth, were extremely low and when compared to other investigators seemingly incorrect.
CH.lPTER III
METHOns AND MATERIALS
A. Selection of Sample of Teeth:
A total of one hundred twenty extracted mandibular human teeth, excluding second and third molars, were selected according to predifined standards. Each tooth had to be easily distinguishable. The root surface areas as far as the eemento enamel junction had to be intact. The roots had to have normal shape and form, be complete, and exhibit no evidence of macroscopic pathological changes. No differentiation between right and left teeth was made.
B.
Selection of Membrane Materials s
The material had to have thickness of at least 250 microns after membrane formation and preferably be air cured. It should further remain stable after membrane formation in regard to thickness, shape, dimensional stability, toughne_ss and permit the inclusion of a dye. Different photographs were taken at varying heights between the camera and the tooth, adjacent to which was a ruler.
The length and width of the tooth in the different photographs were measured and calculated and found to be the same when referred to the ruler in each photograph. For the study, however, the object film distance was maintained constant so far as was possible. The sides of a standard cylinder 10 millimeters in height and 5 millimeters in diameter were coated with the mebrane material, the membrane air cured, slit and flattened. '!he area was calculated mathematically to be 15' square millimeters (flnh). The area of the membrane as measured by this technique was found to be 155 square millimeters ( Figure 10 ). FIGURE 
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CYLINDER USED ro TEST
PRECISION OF PROCEDURE
Photographs were taken of the cylinder and reference plate and measured. The actual "projected" area of the cylinder was calculated mathematically to be 50 square millimeters, while the measured area was found to be 49 square millimeters ( Figure 10 ).
To test the reliability of the method several coatings were applied to the same tooth and the area of each different resulting membrane measured. '!he measurements obtained C01llpared as follows: A..
Resume of Findings:
CHAPTER IV FINMmS An average of five measurements were done with the compensating polar planimeter of the membrane, projected root surface areas and the plate. The total amount of measurements done was about 3500. For purposes of discussion, reference will be made to Tables I to VI in this chapter.
The projected and the total root surface areas of the measured teeth increased progressively from the central incisors to the first molars except for the canine teeth. The values for the latter were higher than the ones for the second premolars but smaller than the molars. The stresses developed within the periodontal ligament are dependent upon the intensity and the type of force system applied to the crown of the tooth. Essentially there are three types of stresses present: (1) Compressive stresses on the side of the root where the periodontal ligament is compressed;
(2) tensile stresses on the tension side where the periodontal fibers are being stretched; (3) shearing stresses around the edges of the root and in the regions between areas of compression and tension. These stresses cannot readily be separated and measured. In a quantitative evaluation made by Jarabal< and Fizzell (1963) these stresses were expressed as "pressure" in grams per square millimeter of projected root surface area.
This pressure is the important factor in determining tooth movement and not the force applied to the crown of the tooth.
Effective root surface area can be defined as that portion of the total root surface area of the root of a tooth that is involved directly in resisting the movement of the tooth in a specific direction. This takes into consideration the convexities of the tooth root surface in the vertical and horizontal planes.
Jarabal< and Fizzell assumed that the projected root surface area 26 27 was a close approximation of the effective root area and thus simplified their study of the phenomenon of tooth movement.
The reader MUst always bear in mind that the effective root surface area is a tri-dimensional entity (due to the convexities of the tooth), whil~ the projected root surface area is bi-dimensional, hence, the effective root surface area is always larger than the projected. Projected root surface area can be defined as the image or shadow of the root of a tooth created in a film, the latter being parallel to the long axis of the tooth.
From now to facilitate this discussion the projected root surface area and the effective root surface area will be considered approximately equal in size.
When a force is applied to a tooth, a portion of the total root surface area will resist directly the movement, (effective root area).
When translation occurs and the tooth is in equilibrium, the summation of all the resisting forces may be considered as if it were a single force, F r , applied at the centroid of the projected root surface area and equal and opposite to F m , (acting force). Under these conditions, a simple relation exists between the translating force and the stresses on the root in grams per unit area.
For purposes of this discussion, the teeth used in the study will be referred to in the following manner central incisors ( where S is the stress on the root surface, Fm is the translating force and Ar is the projected root surface area (effective root surface area).
Sine these stresses cannot be separated and measured they are coll.ectively expressed as "effective" root pressure.
If the net translatory force in the distal direction to a mandibular canine is 100 gr8llls and the Bucco-Lingual projected root surface area is 98 square millimeters, the stress in this case is l~g = 1.0204 gr8llls per square millimeter anywhere in the projected root surface area.
The effective root pressure thus can be defined as the ratio of the net force on a tooth divided by the projected (effective) root surface area perpendicular to the force or as the required pressure needed to start the tooth moving.
In this experiment, values have been determined for the first time of projected root surface areas both in the Bucco-Lingual as well as Total root surface area was also measured by using a membrane technique. Standards were set for the teeth in the mandibular arch.
The measurement of total root surface area has been reported by some investigators in the past, of which Jepsen, Boyd, and !yaan and 'I'ylman had results most in agreement with this study.
The results of this work are presented in comparison with these investigators (Table VIII) .
The technique employed here was simiiar to Jepsen, except for details of photography and the inclusion of a known area (metal plate) in every picture to facilitate and standarize the calculation of the total root surface area.
The smaller standard deviations obtained in this work advocate that this technique was probably more precise.
The hypothesis can be made that there is a definite relationship 30 between projected. and total root surface area, and between the projected areas them.se1ves for each specific tooth. These ratios are summarized in table IX. It is logical to conclude that tooth movement is the result of pressure against the alveolar wall. This results in bone resorption through osteoclastic activity. Orthodontic forces applied to the crowns of the teeth are distributed to the roots where they are resisted.
The values of these pressures can be calculated by dividing the sum of the forces acting on a tooth by' the value of the effective root surface area that lies perpendicular to the translatory force. This can be done for the specific tooth using the standards set forth in this experiment.
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In this experiment an accurate .ethod has been devised to .e.-,.sure the total and ettective (projected) root surface areas of teeth.
The precision of the method is evidenced by the lower standard deviations obtained for the total root surface areas of this study than that of other investigators (Table VIII) .
Standards for total and projected root surface areas were established. This will facilitate tfte calC1tlation of eftecti ve root pressure for the teeth in the mandibnlar arch.
A constant ratio was found to exist between total root surface area and the Bucco-Lingual effective root surface &rea (Table IX) . 
B.
Conclusions:
1. This study provided an accurate method of measuring total and effective root surface area. 33 2. Standards were set for the first time for effective root surface area for all mandibular· hUll&n teeth except for the second and third molars. These values will help in determining effective root pressure.
3. Total root surface areall vere . . aRred and compared to the values obtained by other investigators. The method employed was felt to be quite reliable since the standard deviation values for each tooth is smaller than that reported by any other investigator.
4.
A ver" significant correlation was found between the total root surface area and the EUcco-Lingual effective (projected) root surface area (Tables IX and I) . By using the ratio between these areas, one of these two root surface areas can be determined if the other is known.
5.
A significant correlation vas found between the two projected root surface areas (BL/M-D - Table IX ) of the canines and poste:rior teeth. This relationship did not hold for the incisor teeth.
6. Also, a less significant correlation was found between the total root surface area and the "esio-Distal (projected) root surface area.
7.
A more accurate anchorage· values determination can be caloulated with the effective root surface areas standards established in this investigation.
8. The method designed tor this ,experiment, the values obtained for projected root surface areas, the total root surface areas as well as the ratios obtained between them are worthy of consideration for future studies.
